The simulations of the solidification of ternary Al-Cu-Ni alloys by means of a general multi-phasefield model for an arbitrary number of phases reveal that the real microstructure can be generated by coupling the real thermodynamic parameters of the phases and the evolution equations. The stability requirements on individual interfaces for model functions guarantee an absence of "ghost" phases in a n-dimensional phase-field space. The special constructed thermal noise terms disturb the stability and can produce the heterogeneous nucleation of product phases in accordance to the energetic and concentration conditions. Of particular interest is that in triple points the nucleation of the forth phase occurs without additional noise. Another observation is the growth of the eutectic-like or peritectic-like structure in various alloys. 
agram of the Al-Cu-Ni system as a ternary model system, first because it has the advanced thermodynamic and phase equilibria data and second because the previous knowledge in the nucleation and the microstructure formation on the binary edge systems Al-Ni [11] [12] [13] and Al-Cu [14] can be directly included. Moreover, many experimental studies of the microstructure in ternary alloys have been reported in the literature [15] [16] [17] and there is the need for the theoretical comprehension of the various structure phenomena.
We simulate the microstructure evolution and the following nucleation effects by means of the general phase-field model for multicomponent systems in n-phase-field space [18] . In this model the method of Lagrange multipliers and the idea of flatness and stability requirements suggested in the model of Folch and Plapp [4] were implemented to construct the special phase-field model func-
tions. An interface noise is added to the evolution equations for the phase fields represented by Langevin forces in accordance to the results of fluctuation theory described in Refs. [19] [20] [21] to simulate the heterogeneous nucleation on the macroscale.
In the model our physical system is fully described by n phase fields p i ∈ [0, 1], i = 1, 2...n and N chemical concentration fields
The total free energy functional of the system is given as
Here constants are defined as K = W σ/a 1 and H = σ/(W a 1 ), where W is the interface width, σ is the interface energy over all dual interfaces, a 1 is a numeric constant, c 
that ensures i ∂p i /∂t = 0. Here τ (p) is a system relaxation time, depending on the local values of the phase fields and the value of the driving forces [22, 23] . 
where f 
i g i . We will also use mixture diffusion potentials as variables in the model equations
The chemical free energy (4) gives the thermodynamic driving forces and a set of phase evolution equations has the form
where we use the grand potentials of phases
The terms ξ ij represent the thermal nucleation noise and are constructed as
where r ∈ [−0.5, 0.5] is a random number, 
This is proportional to the probability of the nucleation for the phase i , exp(−
with a nucleation barrier for the 2D system,
The diffusion equations for all components have the following form
where M AB are the components of the mobility matrixM =D ·X −1 . The compo- 
nent of the diffusion matrix are defined as
being the terms of the diffusion matrix in a phase i.
The values J
A at are the anti-trapping currents for all components.
The scaled material and model parameters used in the simulations are presented in Table I . The system time scale was chosen as 1 × 10 −3 s, the system length scale as 1.3 × 10 −8 m and the energy scale had the order of the thermodynamic factor in a liquid for all elements E 0 = 2×10 6 J/mol-at. In the simulations we neglected the cross terms in the diffusion and thermodynamic factor matrices.
For the numerical tests we chose alloy 1 with an initial concentration of 4 at%Cu-11 at%Ni and alloy 2 with 6 at%Cu-19 at%Ni.
The main interest of the study is the fourphase reaction at 604
. (9) Equations (6) and (8) out with the equilibrium parameters presented in Figure 4 and 
